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AUROREA LIGHTS EXECUTIVE SUMMARY 
Overview 
Aurorea lights™ is a bias lighting kit, which extends the colour luminance from a monitor screen, for 
an enhanced viewing experience. 
The Problem 
Bias lighting is a little-known screen viewing enhancement – which is unsurprising, given that the 
current bias lighting market is inflexible in its implementations. Any form of customization requires 
the consumer to build it themselves. This means wiring up the components, programming the 
controller, and figuring out each of the components to buy. Aurorea Lights makes it easy. Allowing for 
easy installation and set-up, Aurorea lights makes a complicated Do-It-Yourself project into a simple 
one. 
The Solution 
The current bias lighting market is constrained only to televisions with set monitor sizes. However, 
only 23% of people use the television as their primary viewing screen [1].  Aurorea Lights™ take 
customizability one step further - unlike other bias lighting kits, Aurorea Lights™ lighting structure 
can be brought to a monitor of any size and customized to personal tastes. 
Aurorea Lights™ allows for this customization due to its modular design. Modules come in different 
sizes that can be pieced together such that the lighting arrangement can be customized. Aurorea 
Lights™ utilizes common connection mechanisms (i.e., snap-fit, plug-in, screw-in) allowing for easy 
assembly. A user interface allows for easy control over the light’s behaviour. 
Module Structure Arrangement: 
1. LED module 
2. Spacer Module 
a.  Small 
b. Medium 
c. Large 
3. Corner LED Module 










Attachment onto a monitor: 
 
Market Analysis 
• Borealis system aims to bring the bias lighting market to greater heights: 
o The global gaming accessories market size was valued USD 2.14 billion in 2018 and 
expected to reach 4.04 billion by 2025 [2].  
o The global home theatre market size was valued at USD 7.7 billion in 2018 and the 
market size in the U.S. was USD 2.45 billion in 2016. [3] 
• Competitors are inflexible: 
o No options for desktop monitors 
o No options to adjust to different monitor sizes 
• Do-It-Yourself is not an option: 
o Is complicated and costly 
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Aurorea lights™ is a bias lighting kit that will enhance digital viewing experiences at home. The 
current bias lighting market is constrained only to televisions with set monitor sizes. However, only 
23% of people primarily use the television for entertainment [1]. With the prevalence of desktop 
computers and laptops as the entertainment systems of choice, Aurorea lights™ aims to bring 
compatibility to these devices, enhancing home theatre and gaming experiences. 
1.1 BACKGROUND 
Bias lighting is lighting placed behind a television or computer monitor to provide ambient lighting 
around the screen. More exclusive bias lightings take the average colour of the bordering regions of 
the screen and emit the colours to match it as shown in Figure 1.1. 
 
Figure 1.1: Bias Lighting Example [4] 
Benefits of bias lighting include reducing eye strain caused by sudden changes in luminosity emitted 
from the screen [5]. Additionally, bias lighting can be a luxury item due to the visual spectacle it 
presents once fully set up. Currently, there are no bias lighting kits on the market for desktop users, 
nor are there any that features adjustable LED strips for arbitrary monitor sizes or orientations. 
Aurorea lights™ aim to fill this market by providing a kit with separable and adjustable modules, 
allowing customers to customize their bias lighting configuration with any display monitor of their 
choice. With Aurorea Lights™, we plan to build the most versatile bias lighting kit. 
1.2 SCOPE 
The scope of this project covers the design, assembly, and testing of the Aurorea Lights™ prototype. 
The prototype will include, but is not limited to: 
• A power supply to power all the components 
• Parts to create a modular structure that allows for custom spacing between LEDs 
• Attachment mechanism to attach the module structure onto the monitor 
• A web user interface that allows switching the lights on/off and adjusting the brightness of 
the lights  
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• A controller software capable of processing HDMI input signals for resolutions of up to 
3840x2160, performing a colour averaging algorithm, and updating the colours of the LEDs 
accordingly 
 
 System Overview 
A diagram of the system overview is shown in Figure 1.2. The bias lighting system uses HDMI inputs 
to receive video information. A Raspberry Pi then processes the video signal to determine the 
average colour of a region. The Raspberry Pi sends this information to the LEDs to make them light 
up. 
 
Figure 1.2: System Overview 
 Module Design Overview 
Modules are designed to be fitted together to create a module structure. Different module 
components include the LED modules, differently sized spacer modules, and corner modules, as 
shown in Figure 1.3. An attachment mechanism allows for the module structure to clip onto a 
monitor as shown in Figure 1.4. Figure 1.5 and Figure 1.6 shows the modeling of the top and bottom 
component of an LED module. 
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1. LED module 




3. Corner LED Module 






Figure 1.3: Module Structure Components 
 
 
Figure 1.4: Attachment onto a Monitor 
 
 
Figure 1.5: Individual LED Module (Top Component) Figure 1.6: Individual LED Module (Bottom Component) 
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 Software Design Overview 
The Aurorea Lights ™ kit is made up of three main software components, as shown in Figure 1.7. The 
first software component is the webserver user interface, from which the user will be able to access the 
settings for the device. The second software component is responsible for capturing the video stream 
from the HDMI source and processing the border colours for the LEDs. The third software component is 
the LED driver, which awaits input and changes the colours of the LEDs.  
The user’s video signal will be processed on a frame-by-frame basis, using an algorithm that first 
compresses the image, then splits the image into squares depending on the number of LEDs being used, 
and finally averaging the colour of each of the squares. The LEDs are then updated to match their 
corresponding colours.  
The user interface is a web-based program that can be opened from browsers of a computer or 
mobile device. End users can change various settings such as brightness and colour saturation of the 
LEDs, and the mode of the lights from the user interface. The web-based program consists of a web 
server and a front-end program. The webserver runs on the Raspberry Pi and works as a bridge between 
the primary software component and the user’s browser. Moreover, the front-end program is a web 
page that runs on the user’s web browser.  
 
Figure 1.7: Software Overview 
Figure 1.8 Interface Design for Desktop Browser 
Figure 1.9: Interface Design 




2.1 SAFETY HAZARDS 
 Risk of Seizure 
Bias lighting may not be for everyone, especially those who are sensitive to flashing lights. Flashing 
lights at frequencies between 3 – 30 hertz may cause seizures for those with epilepsy [6]. While this 
product is not recommended to those sensitive to flashing lights, to reduce this risk, flickering at 
these frequencies is avoided. Additionally, our bias lighting algorithm makes use of colour averaging 
techniques to avoid sudden changes in the LED colours. 
 Risk of minor injuries 
Aurorea Lights™ is a Do-It-Yourself project and therefore requires dexterity to assemble. Minor 
injuries can arise from improper handling of tools. To reduce this risk, a manual will show proper 
warnings and how each of the connectors is meant to be connected. 
 Risk of Electrocution 
Like all products that use electricity, electrocution is a potential hazard. To reduce this risk, none of 
the wires will be exposed. The only way to control the electricity is by plugging it into sockets. 
2.2 PRODUCT RISKS 
 Human Error 
As Aurorea Lights™ is built to fit an arbitrary monitor size, the setting up of the product requires 
some basic skills. The LED modules would have to be manually attached, and various settings on the 
web interface would have to be set correctly to ensure the device functions properly. This inevitably 
means that the product may not perform as intended due to poor handling. To reduce this risk, the 
included manual will detail the required steps for set-up, as well as troubleshooting procedures – 
should it fail to function correctly. 
 Portability 
The web server is only accessible through an available Wi-Fi network. Users who do not have access 
to one will not be able to access the device settings, and thus the device may not function as 
intended. However, once the device is set up correctly for the first time, there is little need to access 
the webserver. We are also exploring the idea of using the Raspberry Pi as a hotspot to access the 
web server, thus eliminating the need for an accessible Wi-Fi network. 
 Security 
Aurorea Lights™ primarily uses a web server to ensure that the product is set up correctly. Anybody 
connected to the same Wi-Fi network as the device would have access to the device settings. This 
poses some potential security risks, but it can be mitigated with good network security practices. 
2.3 BENEFITS 
 Reduces Eye Strain 
When the light emitted from a screen suddenly changes in intensity, the eyes dilate to moderate how 
much light is let in. Sudden changes in lighting can be disorientating, and it takes time for the eyes 
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to adjust.  Therefore, bias lighting can reduce the frequency of pupil dilations because it keeps the 
overall brightness of the room relatively consistent [5]. 
 Accurate Colour Representation 
The background colour behind a monitor can influence the perceived colour of the on-screen monitor 
[5]. Figure 2.1 shows the Bezold Effect, an optical illusion in which colour contrast between 
neighbouring colour blocks can influence the eye’s perception of light, shadow, and colour [7]. The 
grey stripe in the middle is uniform in colour. However, the bordering grey gradient strip affects 
perception such that the grey strip does not seem uniform in colour.  
Aurorea Lights™ emits lights that reflect the bordering colours on the screen. Therefore, by reducing 
the colour contrast between the screen and the background, Aurorea Lights™ will provide a truer 
representation of the colours emitted from the screen. 
 
Figure 2.1: Benzold Effect  
 Visual Spectacle 
A bias lighting is a good way to differentiate your entertainment set-up from everyone else and is 




3.1 MARKET ANALYSIS 
The market for bias lighting is relatively new, and there is little marketing data available pertaining to 
bias lighting. Aurorea Lights™ is primarily aimed towards two types of users: desktop computer users 
– especially gaming users who buys gaming accessories – and users looking to enhance their home 
theater. These two markets will be the focus for market analysis.  
 Market for Gaming Accessories 
Recent gaming trends include products that illuminate gaming accessories (mice, keyboards, etc.) 
with colourful lights. Because of these trends, and the ability to fit to desktop monitors of any size, 
Aurorea Lights™ is expected to fit nicely in the market for gaming accessories. The global gaming 
accessories market size was valued USD 2.14 billion in 2018 and expected to reach 4.04 billion by 
2025 [2].  
 
Figure 3.1 AnalysisGlobal Gaming Accessories Market, USD Billion 
Source: MRFR Analysis [2] 
As per the report by MRFR Analysis, North America is the most dominant region in the global gaming 
accessories market in 2018 and is estimated to maintain its dominance for the near future. The 
gaming industry is turning out to be one of the fastest-growing entertainment industries in the US [2]. 
The COVID-19 pandemic further contributed to the market, as the number of PC users and gamers 
increased significantly due to the lockdown restrictions.  
On the other hand, this report includes a variety of gaming accessories – ranging from controllers to 
virtual reality headsets. Most of the accessories are peripherals that are required for optimal 
gameplay, and only some are optional luxury accessories designed to enhance visual experiences -- 
like Aurorea Lights™. Therefore, we also included a market analysis for home theatre systems, which 
provides a more constrained perspective on the market for our product.  
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 The market for Home Theater systems 
The home theatre market is another market for the Aurorea Lights™ that is on the television. The 
global home theatre market size was valued at USD 7.7 billion in 2018 and the market size in the 
U.S. was USD 2.45 billion in 2016. [3] 
 
Figure 3.2 U.S. Home theatre market size 
Source: Grand View Research [3] 
Similar to the gaming accessories market, the home theatre market is also a fast-growing industry. 
North America is once again the dominant region in this sector, accounting for more than 40% of the 
total market revenue [3]. As movie ticket prices increase, and with the COVID-19 lockdown 
restrictions, consumers have been shifting towards home theatre systems. However, the use of bias 
lighting is not widespread due to the limited number of products that offer it, which brings us to the 
next topic of discussion – competition. 
3.2 COMPETITION 
Some competitors are producing LED backlights for televisions, such as Philips Play Gradient 
Lightstrip, Govee WiFi TV Backlights Kit, and Do-It-Yourself options for the user to set up their 
configuration by using a Raspberry Pi. However, our product’s unique solution of adjustable LED 
spacing and easy assembly makes our product stand out from the competitors.  
These three are our closest competitors because their functionalities match our product the most. 
There are more alternatives, but they lack the feature of automatically adapting to the colour of the 
image on the screen. 
 Philips Play Gradient Lightstrip + Philips Hue Sync [8] 
Total Price: CAD$599.97 
The combination of the Philips Play Gradient Lightstrip and the Philips Hue Sync is a high-end bias 
lighting set. It allows the user to attach an LED strip on to the back of the TV, plug the HDMI cable 
into the Hue Sync device and then the LED strip will change colour according to the video feed. This 
9 
 
product works nicely with TVs, but they only offer non-adjustable LED strips at three set sizes: 55’’, 
65” and 75”. Therefore, this does not allow the user to use this product for smaller monitors such as 
desktop monitors. Additionally, the price of this product is CAD $599.97, which is higher compared 
to other competitors.  
 LED TV Backlights, Govee WiFi TV Backlights Kit with Camera [9] 
Total Price: CAD$159.99 
This product also provides bias lighting for TVs, but with a more reasonable price range of 
CAD$159.99. Similar to the Philips product, the LED strips are non-adjustable hence they can only 
be installed onto a television with a certain size. Also, this product analyzes the images shown by the 
television from a small camera mounted on top, instead of directly receiving the video feed from 
HDMI input. Although this solution works, the colours on the lights can be delayed due to the lag of 
the camera when processing the video. Additionally, the video feed sent by the camera is affected by 
the current lighting conditions instead of taking the video feed directly. 
 Do-It-Yourself solution using Raspberry Pi [10] 
Total Price: Depending on parts and implementation method 
For this solution, the user will buy the parts needed, such as the LED strip and Raspberry Pi, and set 
up the system by themselves. Although this method allows a lot of flexibility and customization 
options, this requires the user to install programs onto the Raspberry Pi and wire the LED strips to 
the Raspberry Pi themselves. This takes time and adds complexity to the set-up, hence this is only 




4 COMPANY DETAILS 
Formed on January 12th, 2021, Borealis Systems Inc. aims to create a versatile bias lighting kit to 
bring an enhanced digital viewing experience to your home.  
4.1 BRANDING 
Our branding is largely influenced by the visual spectacle of the northern lights (also known as 
aurora borealis).  This natural phenomenon creates a beautiful light spectacle in the sky, with hues 
of blue, green and purple – a perfect representation of the effect we wish to give. 
To emulate the connotation of beauty and gentleness of the glow of the northern lights, the product 
name was chosen to be Aurorea. The added syllable creates a smooth pronunciation that rolls off the 
tongue, and in Latin, it means ‘dawn’ to represent the period before the glow of sunrise [11]. To 
further integrate this concept into our product logo, a scenescape of the northern lights is shown on 
a monitor, with the glow emanating beyond the monitor’s borders. Cursive writing with round edges 
was used for the text for a wavy and gentle effect.  




Figure 4.1: Company Logo Figure 4.2: Product Logo Figure 4.3: Product Logo (Text Only) 
4.2 TEAM 
 Ian Carlsen 
Chief Operations Officer and Hardware and Electrical Designer 
ian_carlsen@sfu.ca 
Ian is a Systems Engineering student and has expertise in electrical and hardware design. He has 
worked at Ballard Power Systems for three years which taught him electrical and mechanical design. 
With these skills, he is capable of designing the hardware and electrical implementations for Aurorea 
Lights™. 
 
 Justine Kwan  
Chief Communications Officer 
justinek@sfu.ca 
Justine is a Systems Engineering student that enjoys problem solving and seeing how components in 
technology interconnects. As the Chief Communications Officer of Aurorea Lights™, Justine 
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maintains the group's collaborative activities. Within engineering, Justine has experience in coding, 
electrical and control system design and utilizes this knowledge to implement the modular structure 
design.   
 Ryan Kiew 
Back End Software Developer 
rkiew@sfu.ca 
Ryan is a Computer Engineering student who enjoys software design and development. Previous 
projects such as designing a variable speed sign and an interactive VR app has made him appreciate 
software development methodologies. As the back-end software developer for Aurorea Lights™, 
Ryan is responsible for building the logic for the bias lighting algorithm, as well as ensuring that the 
user settings are appropriately applied to the system. 
 Daiki Miyanabe 
Front End Software Developer 
dmiyanab@sfu.ca 
Daiki is a Systems Engineering student who has three years of experience in working in software 
development for web-based software applications. Daiki has experience in designing database 
architecture, developing backend software, and implementing front-end application. He is using his 
experience of web-based software development to implement the web-based interface for Aurorea 
Lights™.   
12 
 
5 PROJECT PLANNING 
Figure 5.1 shows the Gantt chart of the team’s progress development for the duration of January 
2021 to April 2021. The section groups are separated by initiation phase, design phase, 
development phase and implementation phase. The sections are colour coded with orange 
indicating module design, green indicating user interface design, and blue indicating back-end 
software implementations. 
5.1 TIME SCHEDULE 




6 COST CONSIDERATIONS 
6.1 BILL OF MATERIALS 
Table 6.1 shows the cost of the materials purchased to demonstrate the Proof-of-Concept for 
Aurorea Lights™. 
Product Description 
 Price Pkg.  
$USD  
 Ext. Price  
$CDN +12% tax  
Adafruit DotStar Digital LED Strip - White 60 LED - Per Meter 
1m - WHITE  $                119.80   $                169.06  
Raspberry Pi 4 Model B - 2 GB RAM  $                  35.00   $                  49.39  
Official Raspberry Pi 4 Case Fan and Heatsink  $                    5.00   $                    7.06  
Official Raspberry Pi Foundation Raspberry Pi 4 Case - Red 
White  $                    6.00   $                    8.47  
Official Raspberry Pi Power Supply 5.1V 3A with USB C - 1.5 
meter long   $                    7.95   $                  11.22  
HDMI Input to USB 2.0 Video Capture Adapter  $                  19.95   $                  28.15  
Brass Heat-Set Inserts for Plastic - 50 pack: (M3 x 3mm) + 50 
pack: (M3 x 4mm)  $                    0.12   $                    0.17  
Heat-Set Insert For Soldering Irons - #4-40 / M3 Inserts - from 
Virtjoule  $                    9.95   $                  14.04  
Black Nylon Screw and Stand-off Set – M3 Thread  $                  16.95   $                  23.92  
Snap-action 3-Wire Block Connector (12-28 AWG) - Pack of 3  $                    2.95   $                    4.16  
Shipping  $                  26.08   $                  36.80  
Taxes + Import Duties  $                  65.49   $                  92.42  
Total   $                444.87  
Table 6.1 Bill of Materials 
6.2 FUNDING 
Current funding options include the Wighton Engineering Development Fund, the Engineering 
Science Student Endowment Fund and personal funding. 
 Wighton Engineering Development Fund  
The Wighton fund provides funding for engineering students at Simon Fraser University. However, 
preference is given to products that will greatly benefit society such as medical products [12]. 
 Engineering Science Student Endowment Fund (ESSEF) 
The ESSEF provides funding for engineering undergraduate students. Eligibility application for 
Aurorea Lights™ can be submitted around June 2021. The category of Aurorea Lights™ falls under 
the funding class B: Entrepreneurial  [13]. 
 Personal Funding 






Bias lighting is often overlooked due to its limited availability and high costs. Consumers would also 
have to find a bias lighting product that is designed to fit the size of their screen. Aurorea Lights™ 
provides anyone an opportunity to experience bias lighting on their own devices. It consists of 
separable LED modules, designed to fit most screen sizes, as well as a computer that processes the 
video input and runs a web server interface.  
The analysis on gaming accessories and home theatre systems suggests that the market for 
products similar to bias lightings are growing. Additionally, competition in this field is limited, and 
none of our competitors has the versatility that Aurorea Lights™ offers.  
At Borealis Systems, we believe that everybody should be able to experience bias lighting on any 
platform of their choice. Aurorea Lights™ is the answer to this sentiment. Our driven group of 
engineers strives to build the best version of the product, as we believe that it presents a real 
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